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Pol) (mcth, I rncthucry late) and pol) styrene supported hydroxarnic esters have been prepared and developed as a
new class of recyclable solid phase acylating reagents for the synthesis of pcptidcs, The crosslinking agents used are
f)\,B (dilin) I benzene), J-:(jJ)M/\ (cthylcncgtycol dirnethacrylatc) and N.N' -MB/\ (N.N'-methylcnt:-bis-acrylamide).
The reagents an: found to activ ate the carbonyl component for the formation of amide or peptide bonds. The percentage
yields of dipcpiidcs synthesized using poly-uncthyl methacrylate) based resins are found to be higher than those using
pol) st) rcnc supported resins. It is found that the efficiency of peptide synthesis is very 101\ when DYB is used as the
crosslinking agent. Comparatively higher yield of dipeptide is obtained when N.N' -MBA crosslinked poly (methyl
rnethacry late) is used as the support.
Synthetic reagents bound to polymeric backbone
have been widely used in organic chemistry during
the past two decades':". These insoluble reagents
have the advantages over their soluble counterparts
of easy separation from the reaction mixture and
regenerability. In addition.ithe polymer matrix can
provide selectivity in a reaction due to the steric
constraints imposed by the macromolecular matrix or
due to microenvironrnental effects ;".
Fridkin et al. introduced the polymeric reagent
method for peptide synthesis which made use of an
insoluble polymer supported amino acid active ester
as the carboxyl component for coupling with the
soluble amino cornponent'', A number of acylating
reagents have been reported for the acylation of alco-
hols and arnines and for the synthesis of peptides'"!'.
Polymer bound mixed carboxylic dithiocarbamic an-
hydrides'? and S-benzoyl O-alkyl dithioxanthates':'
have been developed as reagents for the selective
acylation of amino groups.
Results and Discussion
Preparation of poly(methyl methacrylate) and
polystyrene bound hydroxamic esters and the com-
parative study of their reactivity in the synthesis of
various dipeptides are described in this paper.
Poly(methyl methacrylate) crosslinked with
divinylbenzene (OYB) (La), ethyleneglycol di-
methacrylate (EGOMA) (2a) and N,N' - methylene-
bis-acrylamide(N.N'- MBA)(3a) were used as the
macromolecular supports. Polystyrene corssl inked
with DYB (4a) and EGOMA (Sa) were also used.
Copolymers were prepared by adopting procedures
reported for parallel cases!". Crosslinked polymers
were functionalized to incorporate the hydroxamic
ester ofN-protected amino acid by a series of poly-
mer analogous reactions'Y'". The reaction sequence
is depicted in Schemes I and II. Polystyrene resins
were also suitably functionalised to generate hydrox-
amic ester of N- protected amino acid by similar
reactions 17-20.
A solution of the symmetric anhydride of the
N-protected amino acid in dichloromethane was
stirred with the polymer bound hydroxam ic acid resin
with an equivalent amount of pyridine for a definite
period of time. A two-fold molar excess of the anhy-
dride was employed for acylating the resin. The in-
corporation of the amino acid anhydride on the
polymeric hydroxamic acid resin was supported by
IR spectrum which showed strong absorption bands
at 3400 (N-Hstr), 1700 (C=Ostr) and 2860cm-1 (C-
Hstr).
For the synthesis of dipeptides, the C-protected
amino acid was dissolved in chloroform or THF and
neutralized with triethylamine. To this solution. a
two-fold molar excess of the polymer bound hydrox-
amic ester of N-protected amino acid was added
(SchemelIl). The reaction mixture was stirred for 14
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Scheme I - Preparation of poly (methyl methacrylate) sup-
ported hydroxamic ester of N-protected amino acid.
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Scheme II - Preparation of polystyrene supported hydrox-
amic ester of N-protected amino acid.
hr. After the reaction was over, the spent resin was
removed by filtration. The filtrate on evaporation
afforded the peptide which was recrystallized from
methanol. The dipeptides were characterized by ele-
mental analyses, IR and NMR spectroscopy and com-
paring with samples prepared by conventional
methods (rn.p.). The results are given in Table I.
Factors affecting the yield of dipeptides. The effi-
ciency of peptide synthesis depended upon factors
like the nature of the macromolecular support, the
nature of the crosslinking agent, the extent of
crosslinking and the presence of neighbouring
groups.
Nature of the macromolecular support. The per-
centage yields of dipeptide synthesized using
poly(methyl methacrylate) based resins were found
to be higher than those using polystyrene supported
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Scheme III - Synthesis of dipeptides using poly(methyl
meth acrylate) bound hydroxamic ester of N-pro-
tected amino acid.
resins (Table I). Compared to poly (methyl methacry-
late) supports, polystyrene supports were found to be
incompatible with polar solvents and substrates due
to strong hydrophobic nature of the polymer matrix.
The physicochemical incompatibility of the polysty-
rene matrix with the attached amino acids may be the
factor responsible for the decreased reaction rate.
Nature of the crosslin king agent. The efficiency of
peptide synthesis was very low when DVB was used
as the crosslinking agent. The yield of Boc-Ala-Gly-
OEt using 2% N,N' -MBA crosslinked poly-(methyl
methacrylate) supported hydroxamic acid resin was
58%, whereas, EGDMA crosslinked poly(methyl
methacrylate) resin gave 54% and DVB crosslinked
poly(methyl methacrylate) resin gave 46%. ~VB
crosslinked polystyrene bound hydroxamic acid gave
44% yield of Boc-Ala-Gly-OEt and EGDMA
crosslinked polystyrene bound hydroxamic acid gave
50% yield. The comparatively high yield of peptide
obtained using N,N'-MBA crosslinked poly(methyl
methacrylate) supported reagent may be due to the
optimum hydrophilic/hydrophobic balance of the
polymer matrix.
Effect of the extent of crosslinking. Copolymers of
methyl methacrylate with DVB, EGDMA and N,N'-
MBA and copolymers of styrene with DVB and
EGDMA' were prepared with various crosslink den-
.sities such as 2,5,10,15 and 20 mole percentages. The
differently crosslinked polymers were suitably func-
tionalized and were used as macromolecular supports
for synthesizing the dipeptides. The synthesis ofBoc-
Ala-Gly-OEt was taken as the model reaction. The
results are given in Table II.
It was observed that the percentage yield of dipep-
tide formed decreased with the increase in the extent
of crosslinking. Thus, 2% crosslinked resins gave the
maximum yield and was minimum for 20%
crosslinked ones. The rigidity of the resin support
increased with an increase in crosslink density. As a
SOPHIAMMA et at SYNTHESIS OF DIPEPTIDES 997
Table I-Dipeptides synthesized using polymer bound hydroxamic ester
Dipeptide" MoL formula Found (%) Calcd) Yield (%)
C H N Ie 2e 3e 4j 5j
Boc-Ala-Phe-OMe ClsI-126N20s 62.98 7.18 7.73 60 66 70 48 52
(6292) (716) (7.72)
Boc-Ala-Phe OEt C191-bsN20S 62.63 7.69 7.69 46 54 58 44 50
(6260) (765) (7.64)
Boc-Ala-G ly-OMe CI d-i]uN205 50.76 7.69 10.76 52 57 61 45 49
(5073) (764) (1072)
Boc-Ala-Gly-OEt CI2HnN20s 54.5 7.69 9.79 50 55 59 45 49
(543) (762) (971)
Bz-Gly-Gly-OEt CIJH16N204 5909 606 10.6 40 46 49 38 42
(59.01 ) (6.0) (10.58)
"Solvent. chloroform: temperature. 30°C: reaction period. 14hr.
Table II-Synthesis of Boc-Ala-Gly-OEt using polymer bound hydroxamic
ester resin: Effect of the nature and extent of crosslinking
% Yield of peptide for!ne<!"
Resin Reaction 2 5 \0 15 20
period (hr)
DYf3-crosslinked PMMA bound hydroxamic ester 12 50 46 41 38 28
EGDMA-crosslinked PMMA bound hydroxamic ester 12 55 51 47 44 32
N.N'-MBA-crosslinked PMMA bound hydroxamic ester 12 59 56 51 47 39
DYf3-cosslinked polystyrene bound hydroxamic ester 14 45 40 36 32 20
EGDMA-cosslinked polystyrene bound hydroxamic ester 14 49 44 40 36 24
"Solvent. chloroform: temperature. 30°C.
Table Ill-Synthesis of Boc-Ala-Gly-OEt using polystyrene bound hydroxamic ester" and 3-nitropolystyrene
Resin
DYB-crosslinked polystyrene bound hydroxamic ester
EGDMA-crosslinked polystyrene bound hydroxamic ester
Solvent. chloroform: reaction period 14hr; temperature. 30°C.
A. Polystyrene bound hydroxarnic ester.








result. the favourable interaction between the solvent,
substrate and the resin was reduced thereby decreas-
ing the efficiency of the reaction.
Effect of neighbouring nitro group. The percentage
yield obtained for the synthesis of Boc-Ala-Gly-OEt
using polystyrene with a nitro group at 3-position of
the polymer backbone and polystyrene without a
nitro group on the polymer backbone is shown in
Table III. It was observed that the yield of dipeptide
obtained was higher when resins having a nitro group
on the polymer backbone was used as the macro-
molecular support. The increased efficiency may be
due to the higher electrophilic nature of the reagent
as a result of the presence of the nitro group.
The polymeric by-product obtained after the pep-
tide synthesis was foun to retain substantial activity
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Table IV-Preparation of Boc-Ala-Gly-Oft using recycled polymeric acyl trar.sfer reagents
Resin
I
Poh (MMA-N.N'-MBA hydroxamic ester 59
Pol~ (MMA-EGDMA) hydroxamic ester 55
Pol) (MMA-DV8) hydroxarnic ester 50
Poly (Styrene-EGDMA) hydroxarnic ester 49
Pol~ (Styrene-Dv S) hydroxamic ester 45
a Soh cnt. chloroform: reaction period 14 hr: temperature. 30°C.
% Yield in different recycling process a
2 3 4 5
57 54 51 51
55 54 53 52
50 47 45 45
47 45 45 43
43 41 40 40
and could be recycled and reused. The spent resin was
converted to the original hydroxarnic ester of N-pro-
tected amino acid by treatment with the symmetric
anhydride of the N-protected amino acid. The vari-
ation of the efficiency of peptide formation upon
recycling is given in Table IV.
It was revealed from the above discussion that the
above mentioned polymer supported hydroxarnic es-
ters could satisfy the required conditionalities of ef-
ficient acyl transfer reagents. They have enough
mechanical stability to withstand the stress imposed
during magnetic stirring process, good swell ing char-
acteristics to drive the peptide formation step to rea-
sonable extents, and reasonable reactivity, so as to get
moderate yields of dipeptides and are recyclable also.
Experimental Section
General. Solvents used were of reagent grade and
were purified according to literature procedures. Mi-
croanalyses were performed at the Regional Sophis-
ticated Instrumentation Centre at lIT, Madras.
Melting point were determined on a hot stage melting
point apparatus and are uncorrected. IR spectra were
recorded on a Perkin-Elmer 397 spectrometer using
KBr pellets. Thin layer chromatography (TLC) was
performed on precoated silica gel plates. Chlo-
rornethyl polystyrene 17 and 3-nitro-4-chloromethyl
polystyrenel'' were prepared according to literature
procedures. Polystyrene bound carboxylic acid was
prepared from chlorornethyl polystyrene by oxida-
tion using alkaline KMnOI9. Carbethoxypolystyrene
was prepared by esterification of polystyrene-car-
boxylic acid resin2o.
Polymer bound hydroxamic acid: general proce-
dure. Hydroxylamine hydrochloride (9.2g) in metha-
nol (ISmL) was neutralized with ethanolic potassium
hydroxide (1 0.2g). The mixture was cooled to O°C
and potassium chloride precipitated was filtered off.
Poly(methyl methacrylate) or carbethoxy polysty-
rene resin (lOg), pre-swollen in dichloromethane
(20mL), was then added to the filtrate and stirred for
6hr. The polymeric potassium hydroxarnate was
heated at 80°C with acetic acid (2N, SOml) for l Ohr
to get the hydroxarnic acid resin. It was filtered at the
pump and washed successively with water
(20mLxStimes), ethanol, methanol and acetone
(20mLxStimes each). The resin was then dried in
vacuum.
Reaction of polymer bound hydroxamic acid resin
with Boc-Ala-anhydride. Boc-Ala (4mmoles.
0.76g) was dissolved in dichloromethane (20mL) and
stirred with DCC (2mmloes, 0.41 g) at O°e. The pre-
cipitated dicyclohexylurea was removed by filtra-
tion. The polymer bound hydroxamic acid resin
(2mmoles) and pyridine (3mL) were added to the
filtrate. The mixture was stirred for 16hr. After the
reaction was over, the resin was collected by filtra-
tion, washed with dichlorornethane (20mL x 3 min x
S times), drained and dried in vacuum.
Reaction of polymer bound hydroxamic acid resin
with Bz-GlyOCI. A mixture of Bz-Gly (2g) and
thionyl chloride (6.0mL) was shaken for 1 hr. The
excess thionyl chloride was removed by distillation
under reduced pressure. The residue was boiled with
charcoal and benzene (2SmL) and filtered to get the
corresponding acid chloride. The hydroxamic acid
resin was added to this solution of Bz-GlyOCI and
the resulting mixture shaken for 6hr. The product
resin was filtered washed and dried.
Synthesis ofBoc-Ala-Gly-OMe and Boc-Ala-Gly-
OEt. Glycine methyl ester hydrochloride or glycine
ethyl ester hydrochloride (1 mrnole) was suspended
in chloroform (20mL) and neutralized with triethy-
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lamine. Boc-Ala-anhydride resin (2mmole) was
added to this solution and the mixture stirred for 16hr.
The residual resin was filtered and washed with chlo-
roform (ISmlx3times). The filtrate together with the
wash ings was treated with citric acid solution (10%,
IOmLx2times) and with water. The organic layer was
separated. After drying over anhydrous CaCh, the
solvent was removed by evaporation to obtain the
dipeptide Boc-Ala-Gly-OMe (m.p. 8S0) or Boc-Ala-
Gly-OEt (m.p.98°).
Boc-Ala-Gly-OMe. IR (KBr): 33S0 (N-H amide str),
2720 (C-Hstr), 17S0 (C=O methyl ester str) 1670
(C=O amide str), 1020 (C-Nstr), 92S cm,l (t-Bu str);
IH NMR (CDCI3): 81- I.S (m ISH, CH3), 3.0 (rn I H,
CH), 4.0 (d 2H, CH), S.6-6 (rn I H, NH of(-CO-NH-
CH2), 7.1-7.3 (d.IH, NHofCO-NH-CH-CH3.
Boc-Ala-Gly-OET. IR (KBr): 33S0 (N-H amide str),
2710 (C-Hstr), 1710 (C=O ethyl ester str), 1670
(C=O amide str), 1020 (C-Nstr), 92Scm,1 (t-Bu str);
IH NMR (CDCb) : 80.8- 1.6 (m ISH, CH3), 2.7(q
2H, -CH2 -CH3), 4.0(d, 2H, -NH -CH2), 3.1-3.8 [rn
I H, -CO-NH-CH(CH3)], 7.0 (m I H, -CO-NH-CH2),
7.2 (d IH, -CO-NH-CH-CH3).
Similarly the dipeptides Boc-Ala-Phe-OMe, Boc-
Ala-Phe-OEt and Bz- Gly-Gly-ORt were synthesised
and characterized using IR and IH NMR spectra.
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